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Summary
Objective: We investigated the prevalence of radiographic knee osteoarthritis (OA) and knee pain in the Japanese elderly using a large-scale
population of a nationwide cohort study, Research on Osteoarthritis Against Disability (ROAD), and examined their association.
Methods: From the baseline survey of the ROAD study, 2,282 participants 60 years (817 men and 1,465 women) living in urban, mountain-
ous and seacoast communities were analyzed. The radiographic severity at both knees was determined by the Kellgren/Lawrence (KL) grad-
ing system. KL 2 and KL 3 knee OA were examined separately to assess osteophytosis and joint space narrowing (JSN).
Results: The prevalence of KL 2 OA (47.0% and 70.2% in men and women, respectively) was much higher than that of previous studies in
Caucasians, while that of KL 3 OA was not much different in men. Age, BMI, female sex and rural residency were risk factors for radio-
graphic knee OA, knee pain and their combination. The prevalence of knee pain was age-dependent in women, but not in men. Knee
pain was more strongly associated with KL 3 OA than with KL¼ 2, and the association was higher in men than in women. Female sex
was a strong risk factor even in the subgroup without radiographic knee OA (KL¼ 0/1).
Conclusion: The present cross-sectional study revealed a high prevalence of radiographic knee OA in the Japanese elderly. Knee pain was
strongly associated with JSN especially in men, while women tended to have knee pain even without radiographic OA.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Knee osteoarthritis (OA), characterized by pathological fea-
tures including joint space narrowing (JSN) and osteophyto-
sis, is a major public health issue causing chronic pain and
disability of the elderly in most developed countries1e3. De-
spite the urgent need of strategies for the prevention and
treatment of this condition, the prevalence overall and
among demographic subgroups is not well characterized.
The reported prevalence of radiographic knee OA differs
considerably among previous population-based epidemio-
logic studies4e14. This may be due to a limitation of the
sample size or a variability of age, ethnicity and radiological
acquisition.
With the goal of establishing epidemiologic indexes to
evaluate clinical evidence for the development of a dis-
ease-modifying treatment of OA, we set up a large-scale
nationwide OA cohort study called Research on Osteoar-
thritis Against Disability (ROAD) in 2005. We have to date*Address correspondence and reprint requests to: H. Kawaguchi,
Sensory & Motor System Medicine, Faculty of Medicine, University
of Tokyo, Hongo 7-3-1, Bunkyo, Tokyo 113-8655, Japan. Tel: 81-3-
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1137created a baseline database with detailed clinical and ge-
netic information on three population-based cohorts in ur-
ban, mountainous and seacoast communities of Japan.
The present study initially investigated the prevalence and
distribution of knee OA according to age, gender and com-
munity using cohorts of 2,282 participants who were 60
years or older in the baseline survey of the ROAD study.
The most popular grading system for the radiographic se-
verity of knee OA is the Kellgren/Lawrence (KL) system with
classiﬁcation into ﬁve-grade (0e4) scales. KL grade 2 is de-
ﬁned as osteophyte formation and grade 3 as JSN in addi-
tion to osteophyte formation; and KL 2 is generally
thought to be the standard of the diagnostic criterion of
knee OA15,16. However, accumulating evidence has shown
that osteophytosis and JSN have distinct etiologic mecha-
nisms and their progression is neither constant nor propor-
tional17e19. Hence, to assess these two pathological
features separately, the present study examined not only
the prevalence of KL 2, but also that of KL 3 knee OA.
Arthritis is the most common cause of pain in the elderly,
and knee pain is the principal clinical symptom of knee
OA20. Although much effort has been devoted toward a def-
inition of knee pain, the correlation with radiographic sever-
ity of the knee OA was not as strong as one would
expect21e23. This study also examined the association of
1138 S. Muraki et al.: Prevalence of knee OA and knee painKL 2 and KL 3 knee OA separately with the presence of
knee pain according to gender and age stratum.Subjects and methodsSUBJECTSThe ROAD study is a nationwide OA prospective study constituted of pop-
ulation-based cohorts established in several communities in Japan. To date,
we have completed creation of a baseline database including clinical and ge-
netic information of 3,040 inhabitants (1,061 men and 1,979 women) ranging
in age from 23e95 years (mean 70.6 years), who were recruited from listings
of resident registration in three communities. Itabashi-ku, an urban commu-
nity located in the east of Tokyo, had a population of 529,400/32 km2 with
0.1, 25, and 75% of jobs in the primary industry (agriculture, forestry, ﬁshing
and mining), the secondary industry (manufacturing and construction), and
the tertiary industry (service industry), respectively, and residents 65 years
constituted 19.1% of the population. Hidakagawa-cho, a rural mountainous
community located in the center of Wakayama, had a population of
11,300/330 km2 with 29, 24 and 47% of jobs in the three industries above,
and 30.5% were 65 years. Taiji-cho, a rural seacoast community located
south of Wakayama, had a population of 3,500/6 km2 with 13, 18, and
69% of jobs in the three industries, and those 65 years accounted for
34.9% of the total. Participants in the urban region were recruited from a co-
hort study24 in which the participants were randomly drawn from the Itabashi-
ward residents register database and the response rate in the age groups of
60 years or older was 75.6%. Participants in the mountainous and seacoast
regions were recruited from listings of resident registration and the response
rates in the age groups of 60 years or older were 68.4% and 29.3%, respec-
tively. All participants provided written informed consent, and the study was
conducted with the approval of ethics committees of the University of Tokyo
and the Tokyo Metropolitan Institute of Gerontology. Participants completed
an interviewer-administered questionnaire of 400 items that included lifestyle
information such as occupational career, smoking habits, alcohol consump-
tion, family history, medical history, physical activity, reproductive variables,
and health-related quality of life. Anthropometric measurements included
height, weight, arm length, bilateral grip strength and body mass index
(BMI; weight [kg]/height2 [m2]). Medical information was taken by well-expe-
rienced orthopaedic surgeons (S.M. and H.O.) on systemic, local and mental
status including information of knee, hip and low back pain, swelling and
range of motion of the joints, and patellar and achilles tendon reﬂex. Knee
pain was deﬁned as that in and around the knee joint on most days during
the past month. A self-recorded nutritional survey was also performed. Blood
and urine samples were collected for biochemical and genetic examinations.
Plain radiographs of knee, hip and lumbar spine were taken for all partici-
pants. Participants were conﬁrmed to be comparable to the Japanese gen-
eral population according to the national nutrition survey by the Ministry of
Health, Labour and Welfare (Japan). Mean height was 162.5 and 149.7 cm
in men and women, respectively, in the ROAD study vs 162.6 and
149.9 cm in the Japanese general population. Weight was 61.3 and
51.8 kg vs 61.6 and 53.8 kg. Percentage of the population with a smoking
habit was 26.4 and 3.2% vs 29.4 and 4.0%. From the baseline data of the
overall participants, the present study analyzed 2,282 (817 men and 1,465
women) aged 60 years or older, after excluding six subjects with total
knee arthroplasty.RADIOGRAPHIC ASSESSMENTAll participants had radiographic examination of both knees using an an-
terioreposterior view with weight-bearing and foot map positioning. Fluoro-
scopic guidance with a horizontal anterioreposterior X-ray beam was used
to visualize the joint space properly. Knee radiographs were read without
knowledge of participant clinical status by a single well-experiencedTable
Characteristics of
Men
Overall Urban Mountainous Seac
Number of subjects 817 396 266 15
Age, years 74.7 6.1 77.3 4.1 72.1 6.2y 72.7
Height, cm 161.3 6.3 161.3 5.9 160.3 6.6 163.0
Weight, kg 60.1 9.9 59.8 8.3 59.3 11.4 62.2
BMI, kg/m2 23.0 3.3 23.0 2.7 23.0 3.8 23.3
Data are means SD.
*P< 0.05 vs men in the corresponding group by non-paired t-test.
yP< 0.05 vs urban residents in the corresponding group by Scheffe’s teorthopaedist (S.M.), and KL grade was deﬁned using the KL radiographic at-
las for overall knee radiographic grades15. The higher KL grade in both
knees was designated as that of a participant. The radiographic knee OA
with pain was deﬁned as: (1) a subject reporting knee pain lasting at least
1 month with pain having last occurred within the current or previous year;
and (2) radiographic OA in that painful knee. To evaluate the intraobserver
variability of the KL grading, 100 randomly selected radiographs of the
knee were scored by the same observer more than 1 month after the ﬁrst
reading. One hundred other radiographs were also scored by two experi-
enced orthopeadic surgeons (S.M. & H.O.) using the same atlas for interob-
server variability. The intra- and inter variabilities evaluated for KL grade
(0e4) were conﬁrmed by the kappa analysis to be sufﬁcient for assessment
(0.86 and 0.80, respectively). Further, to determine the prevalence of medial
and lateral knee OA, knee radiographs were also read for JSN in the medial
and lateral compartment separately according to the Osteoarthritis Research
Society International (OARSI) atlas by a single well-experienced orthopaed-
ist (S.M.)25. Medial OA was deﬁned as present when a knee had a KL grade
2 and medial JSN score of 1 on a 0e3 scale. Lateral OA was deﬁned as
being present when a knee had a KL grade 2 and lateral JSN score of 1
on a 0e3 scale.STATISTICAL ANALYSISThe differences of age and BMI between men and women were examined
by non-paired t-test. Differences in age, height, weight and BMI among the
urban, mountainous and seacoast communities were determined using
one-way analysis of covariance and Scheffe’s test. To compare the preva-
lence of radiographic knee OA between men and women, we performed lo-
gistic-regression analysis after adjustment for age and BMI. Association of
prevalence with age was determined by logistic-regression analysis after ad-
justment for BMI. Association of the variables such as age, BMI, gender and
community with radiographic knee OA was evaluated by multivariate logistic-
regression analysis. Logistic-regression analyses were used to estimate
odds ratio and the associated 95% conﬁdence interval (CI) of KL¼ 2 and
KL 3 knee OA for pain compared with KL¼ 0 or 1 after adjustment for
age, BMI, and community. Data analyses were performed using SAS version
9.0 (SAS Institute Inc., Cary, NC).Results
The characteristics of the 2,282 participants aged 60
years and older in the three cohorts of the ROAD study
are shown in Table I. Men were signiﬁcantly older than
women in the overall population and in some communities.
Although the seacoast residents tended to show higher
body height and weight than the other two communities,
BMI was comparable among the three communities and be-
tween genders.
Table II shows the prevalence of radiographic knee OA,
knee pain and radiographic knee OA with pain in the overall
population and subgroups classiﬁed by gender and commu-
nity. In the overall population, prevalence of KL 2 and
KL 3 OA was 61.9 and 20.6%, respectively, and that of
knee pain was 32.8%. That of KL 2 and KL 3 OA with
knee pain was 26.1% and 13.2%, respectively. The preva-
lence of unilateral and bilateral KL 2 knee OA was 12.3%
and 49.5%, respectively, while the prevalence of unilateral
and bilateral KL 2 knee OA with pain was 2.9% and
20.4%, respectively. We next analyzed the prevalence ofI
participants
Women
oast Overall Urban Mountainous Seacoast
5 1,465 740 433 292
7.4y 74.0 6.4* 76.4 4.8* 72.0 7.0y 70.9 6.8*y
6.1y 148.6 6.2 148.6 5.7 146.8 6.4y 151.1 5.9y
10.6y 50.9 8.9 50.7 8.4 49.8 9.7 53.0 8.6y
3.3 23.0 3.7 22.9 3.5 23.0 4.1 23.2 3.5
st.
Table II
Number (percentage) of participants with radiographic knee OA, knee pain, and their combination
Overall Men Women
Overall Urban Mountainous Seacoast Overall Urban Mountainous Seacoast
Radiographic knee OA
KL 2 1,413 (61.9) 384 (47.0) 171 (43.2) 154 (57.9) 59 (38.1) 1,029 (70.2)* 521 (70.4)* 340 (78.5)* 168 (57.5)*
KL 3 470 (20.6) 110 (13.5) 27 (6.8) 45 (16.9) 38 (24.5) 360 (24.6)* 133 (18.0)* 139 (32.1)* 88 (30.1)*
Knee pain 748 (32.8) 197 (24.1) 100 (25.3) 76 (28.6) 21 (13.5) 551 (37.6)* 299 (40.4)* 176 (40.6)* 76 (26.0)*
Radiographic knee OA with pain
KL 2 595 (26.1) 129 (15.8) 54 (13.6) 60 (22.6) 15 (9.7) 466 (31.8)* 237 (32.0)* 165 (38.1)* 64 (21.9)*
KL 3 301 (13.2) 63 (7.7) 21 (5.3) 29 (10.9) 13 (8.4) 238 (16.2)* 97 (13.1)* 93 (21.5)* 48 (16.4)*
*P< 0.01 vs men in the corresponding group by logistic-regression analysis after adjustment for age and BMI.
1139Osteoarthritis and Cartilage Vol. 17, No. 9medial and lateral knee OA in the participants and found that
theywere 20.4 and2.1% inmenand 40.0 and 3.1% inwomen,
respectively. Logistic-regression analysis after adjustment for
age and BMI revealed that the prevalence of radiographic
knee OA, knee pain, and their combination was signiﬁcantly
higher in women than in men. When the association of the
prevalence with the age group (<65, 65e69, 70e74, 75e79
and 80) was examined, radiographic knee OA (KL 2 and
KL 3) tended to increase with age in both genders
[Fig. 1(A)]. Interestingly, the prevalence of knee pain was
age-dependent inwomen, but not inmen.Hence, that of radio-
graphic OA with pain tended to be higher with age in women,
but was affected little by age in men [Fig. 1(B)].
To examine the association of age, BMI, gender, and
community with radiographic knee OA, knee pain, and their
combination, we further performed logistic-regression anal-
yses to estimate odds ratios and 95% CI (Table III). Age,
BMI, and female sex were shown to be risk factors for all
of them. Among the communities, mountainous area resi-
dents had a higher risk of KL 2 and KL 3 knee OA(
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Fig. 1. (A) Percentage of subjects with radiographic knee OA (KL 2 or K
(B) Percentage of subjects with knee pain and radiographic knee OA (KL
in each age stratum is shothan urban residents, and seacoast area residents had
a higher risk for KL 3 knee OA than urban residents.
We then evaluated the association between radiographic
knee OA and knee pain in the designated knee. Figure 2
shows the percentage of subjects with knee pain in sub-
groups classiﬁed by radiographic OA severity: KL¼ 0/1,
KL¼ 2, and KL 3. Although the percentage with pain
was positively correlated with the radiographic severity,
the difference between KL¼ 2 and KL 3 appeared to be
greater than that between KL¼ 0/1 and KL¼ 2 in the overall
population and all communities. When odds ratios of KL¼ 2
and KL 3 OA as compared to KL¼ 0/1 for the pain were
estimated by logistic-regression analysis after adjustment
for age, BMI, and community, KL¼ 2 OA was moderately
but signiﬁcantly associated with knee pain in both genders
of the overall population (Table IV). However, KL 3 OA
was much more strongly associated with knee pain not
only in both genders of the overall population, but also in
those of all age strata. Interestingly, although association
of KL¼ 2 OA with pain was comparable between men
and women, that of KL 3 OA with pain was stronger in(
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2 or KL 3) with pain in each age stratum. The number of subjects
wn in parentheses.
Table III
Association of age, BMI, gender, and community with radiographic knee OA, knee pain and their combination
Radiographic knee OA Knee pain Radiographic knee OA with pain
KL 2 KL 3 KL 2 KL 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Age, years 1.09 1.07e1.11* 1.11 1.09e1.13* 1.04 1.02e1.06* 1.07 1.05e1.08* 1.09 1.07e1.12*
BMI, kg/m2 1.14 1.11e1.18* 1.23 1.19e1.28* 1.18 1.14e1.21* 1.21 1.17e1.25* 1.24 1.20e1.29*
Women (vs Men) 3.28 2.71e3.97* 1.58 1.39e1.79* 2.05 1.68e2.51* 2.83 2.26e3.57* 2.59 1.92e3.53*
Community (vs Urban)
Mountainous 2.64 2.08e3.35* 3.83 2.92e5.03* 1.27 1.02e1.58* 1.95 1.54e2.47* 2.84 2.09e3.85*
Seacoast 0.95 0.74e1.23 4.13 3.05e5.59* 0.56 0.42e0.73* 0.75 0.55e1.01 1.95 1.35e2.78*
The odds ratios were calculated by logistic-regression analysis after adjustment for all other variables.
*P< 0.01 OR¼ odds ratio, CI¼ conﬁdential interval.
1140 S. Muraki et al.: Prevalence of knee OA and knee painmen. Considering that knee pain is more prevalent in
women than in men (Tables II and III), we examined the as-
sociation of gender with knee pain according to the KL
grade. The odds ratio for knee pain of women compared
with men estimated by a logistic-regression analysis after
adjustment for age and BMI in the subgroup without radio-
graphic knee OA (KL¼ 0/1) was comparable to or greater
than that in those with radiographic knee OA (KL¼ 2 or
KL 3) (Supplementary Table SI), suggesting independent
backgrounds of knee pain between genders.
Discussion
The present study initially estimated the prevalence of
knee OA in the Japanese elderly (60 years) using the
baseline data of population-based cohorts in the ROAD
study. The prevalence of KL 2 OA, the conventional
diagnostic criterion of radiographic OA determined by the
anterioreposterior view with standing position, was 47.0%
and 70.2% in men and women, respectively (Table II),
which was much higher than that of previous epidemiologic
studies in elderly Caucasians in the USA and Europe4e9,
although not greatly different from African Americans and
Chinese10e12 (Supplementary Table SII). Caucasians
seem to show a lower prevalence of radiographic OA
than other races. In fact, the Johnston County study and
the NHANES studies showed that African Americans had
a higher prevalence of radiographic knee OA than Cauca-
sians6,8e10. A previous Japanese community-based study,
although with a rather small sample size, also showed that
the prevalence of KL 2 knee OA of elderly Japanese
women living in a seacoast area, Hizen-Oshima, was
higher than that of Caucasian women in the Framingham
study13 (OR¼ 1.96, 95% CI¼ 1.50e2.56). Although the
prevalence in the present study was higher than that in
the Hizen-Oshima study, it was not much different from
that of KL 2 knee OA of women in the seacoast area
of the present study (46.4 vs 57.5%, Table II). Knee OA
is a major public health issue causing impairment of activ-
ities of daily living and the number of patients with knee OA
is suggested to be increasing with the advancing age of
the population in Japan. According to the National Liveli-
hood Survey of the Ministry of Health, Labour and Welfare
in Japan, this disease is now ranked second among the
diseases that cause disabilities requiring support with
activities of daily living.
In the present study, the prevalence of unilateral and bi-
lateral KL 2 knee OA was 12.3% and 49.5%, respectively,while it was 12.5 and 34.1% in the Beijing study and 15.2
and 19.7% in the Framingham study, respectively11. The
high prevalence of bilateral OA in this study was compara-
ble to that in the Beijing study, but higher than that in the
Framingham study. The high prevalence of bilateral knee
OA may indicate that environmental or ethnic factors have
an important role in knee OA in Japan and China. Zhang
et al. described that the higher prevalence of bilateral
knee OA in China could be due to the much more physically
active lifestyle of the Chinese compared with US whites, es-
pecially among those who are elderly11. The higher preva-
lence of bilateral knee OA in Japan could also be due to
lifestyle factors, because the Japanese traditional lifestyle
includes sitting on the heels on a mat and using Japa-
nese-style lavatories; these positions may cause mechani-
cal stress to the knee joint and possibly lead to the
acceleration of OA26,27. On the other hand, the prevalence
of medial and lateral knee OA in the present study was 20.4
and 2.1% in men and 34.0 and 3.1% in women, respec-
tively. The ratio of lateral to medial knee OA was 0.10
and 0.09 in men and women, respectively, while it was
0.13 and 0.20 in the Framingham study and 0.80 and
0.64 in the Beijing study, respectively28. In the present
study, the prevalence of lateral knee OA was much lower
than that of medial knee OA, which was comparable to
that in the Framingham study, but lower than that in the Bei-
jing study. There may be different etiologies of medial and
lateral compartment OA in different ethnic populations. Fur-
ther study is required to elucidate the underlying back-
ground of this disease.
Contrary to KL 2 OA, the prevalence of KL 3 OA was
not much different in men from that in Caucasians, although
it was still higher in women4,5,7 (Supplementary Table SII).
This indicates that the prevalence of KL¼ 2 knee OA is par-
ticularly high in the present study, especially in men. Consid-
ering the deﬁnition of the KL grade, this may mean that
osteophytosis is more prevalent in elderly Japanese men,
while JSN is comparable between the two ethnic groups.
There is accumulating evidence that osteophytosis and
JSN have distinct etiologic mechanisms. A recent cross-sec-
tional study has shown that osteophytosis was unrelated not
only to JSN on plain radiographs, but also to cartilage loss
measured by quantitative MRI17. Furthermore, our study on
an experimental mouse model for OA has identiﬁed a carti-
lage speciﬁc molecule, carminerin, that regulates osteophy-
tosis without affecting joint cartilage destruction during the
OA progression18,19. Hence, there may be some risk factors
that are speciﬁc to osteophytosis in elderly Japanese men.
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1141Osteoarthritis and Cartilage Vol. 17, No. 9This study, the ﬁrst analysis of the baseline data of the
ROAD study, found that age and BMI were risk factors of
radiographic knee OA (Table III), consistent with previous
epidemiologic studies1,29,30. These factors may be related
to the accumulation of mechanical stress on the knee joint.
Female sex was also shown to be a strong risk factor, as in
previous studies4e8, possibly implicating an involvement of
muscle strength to compensate the mechanical stress, as
women are known to have less muscle strength than men
in all decades31. Rural residency was also a risk factor of
radiographic knee OA even after adjustment for age and
BMI, indicating the involvement of other environmental fac-
tors like nutrition or occupation as well as genetic factors. In
fact, the principle industries in the rural communities were
1142 S. Muraki et al.: Prevalence of knee OA and knee painfarming, forestry and ﬁshing, each of which demands phys-
ical activity and repetitive laborious use of the knee joints.
Because the database of the ROAD study includes such
detailed information of environmental factors including oc-
cupational career, lifestyle, and physical activity, as well
as genetic information, further analyses will allow us to elu-
cidate the risk factors and backgrounds of knee OA in more
detail.
The present study also showed that the odds ratio for knee
pain of KL 3 OAwas much higher than that of KL¼ 2 OA in
both genders (Table IV), suggesting that JSN was more
closely associated with the pain than osteophytosis. On
the other hand, approximately 10% of men and 20% of
women without radiographic knee OA (KL¼ 0/1) had knee
pain. Although the prevalence of knee pain and radiographic
OA with pain was approximately double in women what it
was inmen (Table II), the association of knee pain with radio-
graphic knee OA, especially with KL 3 OA, was stronger in
men (Table IV). Furthermore, the odds ratio for knee pain of
women compared with men in the subgroup without radio-
graphic knee OA (KL¼ 0/1) was comparable to or greater
than that in thosewith radiographic kneeOA (Supplementary
Table SI). This suggests the existence of a cause of pain that
is independent of OA in women, while the pain in men may
bemore dependent on JSN by OA. Radiographic JSN repre-
sents not only joint cartilage destruction, but also meniscal
loss or extrusion. In addition, knee pain may arise from a va-
riety of structures other than joint cartilage, like menisci,
synovium, ligaments, bursae, bone and the bone mar-
row32e36. Hence, comprehensive mechanistic studies for
the knee pain taking various tissues in and around the
knee joint into consideration will be needed to elucidate the
relationship between radiographic OA and symptomatic OA.
Although the prevalence of radiographic knee OA in-
creased with age in both genders, that of knee pain was
age-dependent only in women (Fig. 1). This might be due
to the accumulated mechanical stress to the knee due to
the Japanese traditional lifestyle and the decreased muscle
strength as described above, both of which women may ex-
perience more than men. Alternatively, elderly men gener-
ally retire from their occupations around 60 to 70 years,
while women must continue to do household chores even
after the age of 70.
There are several limitations in this study. First, the radio-
graphic investigators did not have readers calibrate them-
selves to readings from other studies. Although we
reported higher prevalence of radiographic knee OA than
in previous studies, radiographic acquisition, scoring tech-
niques and methodology across studies limit strict compar-
isons between our results and previous reports. Differences
across studies in the thresholds used by readers to deﬁne
osteophytes may have a substantial impact on their preva-
lence. The high prevalence of knee OA in our study com-
pared to that in other populations may be due to such
differences. Second, our analysis did not include patellofe-
moral joint radiographs, which would likely increase the
prevalence of radiographic outcomes and perhaps increase
the concordance between radiographic knee OA and its
pain. Third, because the KL system emphasizes osteophy-
tosis, it is unclear how to handle knee OA with JSN but no
osteophytosis. The investigation of the relationship among
knee OA features including JSN and osteophytosis is the
next task in the ROAD study.
In conclusion, the present cross-sectional study using
a large-scale population from the ROAD study revealed
a high prevalence of radiographic knee OA in the Japanese
elderly. Knee pain was more strongly associated withKL 3 OA with JSN than with KL¼ 2 with osteophytosis, al-
though it was distinctly associated with radiographic OA be-
tween genders. Further progress in developing an accurate
method for surrogate measurement of the structural severity
of knee OA, along with continued longitudinal survey in the
ROAD study, will elucidate the environmental and genetic
backgrounds of knee OA and its relation to knee pain.Conﬂict of interest
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